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Fig. 1-1.  Relationships between the Reactions in plants (Growth Degree 
and Enzyme Activity) and the Concentration of Minor Metallic Elements1) 
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次いで水素 6％，窒素 3％であり，金属元素は約 5％であるといわれている1）．










Fig. 2-1.  Proportion of the element composing a plant body1） 
Mineral 5% 
   




























   




























  25種の野菜中の水分量，灰分量および金属元素含有量を測定した． 測定した金
属元素は常量金属元素といわれ，野菜中に比較的多く存在する金属元素である． 
   
 - 11 - 
この結果より，各野菜中の灰分量および金属元素量を乾燥物換算値とし，野菜


























  Table 2-1.  Contents of Ash and Major Metal Elements in Vegetables 
  (on dry matter)   
 Ash Na K Ca Mg 




  Swiss Chard 
  Shungiku 
  Tasai 
  Parsley 
  jew's mallow 
  Cabbage (red) 
  Cabbage (green) 
  Perilla (red) 
  Perilla (green) 
  Kaiware 
Flower vegetables 
 Cauliflower 
  Broccoli 
Fruit vegetables 
  Sweet pepper (red) 
  Sweet pepper (green) 
Root vegetables 
  Onion 
  Japanese radish 
Bean vegetables 
  Hyacinth bean (red) 
  Hyacinth bean (green) 
Fungi 
 Enokitake 
  Shitake (dry) 
Seaweeds 
  Kelp (dry) 
Tea leaves 
  Green tea 
  Oolong tea 




14.0   
18.1   
25.3   
17.3   
16.1   
13.4   
11.5   
  9.13  
14.2   
12.8   
6.04  
 
11.1   















































7694   
8034   
9284   
6654   
7149   
3857   
6324   
4963   
6785   
6735   
2069   
 
5423   
4593   
 
4630   
4071   
 
1332   
4269   
 
4010   
4126   
 
2982   
2903   
 
6831   
 
2474   
1976   
2880   
 
 
509   
622   
1447   
1225   
1914   
1893   
325   
350   
813   
941   
107   
 
60   
78   
 
165   
117   
 
42   
370   
 
446   
447   
 
16   
19   
 
756   
 
26   
42   
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Fig.2-2.  Relationships between the Contents of Major 
Metallic Elements and That of Ash in Vegetables 
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  Table 2-2.  Contents of Minor Metal Elements in Vegetables 
  (on dry matter)    
 Fe Zn Cu Mn Co Ni Sr 
 mg/100g  
 
Leaf vegetables 
  Spinach 
  Swiss Chard 
  Shungiku 
  Tasai 
  Parsley 
  jew's mallow 
  Cabbage (red) 
  Cabbage (green) 
  Perilla (red) 
  Perilla (green) 
  Kaiware 
Flower vegetables 
  Cauliflower 
  Broccoli 
Fruit vegetables 
  Sweet pepper (red) 
  Sweet pepper (green) 
Root vegetables 
  Onion 
  Japanese radish 
Bean vegetables 
  Hyacinth bean (red) 
  Hyacinth bean (green) 
Fungi 
  Enokitake 
  Shitake (dry) 
Seaweeds 
  Kelp (dry) 
Tea leaves 
  Green tea 
  Oolong tea 
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0   
0   






0   
0   
 
0   
0   
 
0   
0   
 
0   
0.02 
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  Table 2-3.  Vegetables that minor metal elements was detected largely    
  (on dry matter)       







   












69.0   
31.2   
28.6   
25.1   
22.2   
23.0   
















25.0   
55.6   
11.8   
















2.4   
2.3   
2.3   

















27.9   
18.9   
22.6   
27.8   












0.02   
0.02   












0.67   
0.29   















   




























   




























   




























   









































                   乾物量当たりの濃度 







Table 2-4.  Concentration Factor of the 
Minor Metallic Elements in seaweed26） 
   









































LEWIS and GOLDBERG (1954) 
SCHUTZ and TUREKIAN (1965) 
SCHUTZ and TUREKIAN (1965) 
SLOWEY (1966) 
SLOWEY (1966) 
CHOW and THOMPSON (1955) 
MULLIN and RILEY (1956) 
HAMAGUTI et al. (1964) 
HAMAGUTI, KURODA and HOSOHARA , 
(1961), HOSOHARA (1961) 












おけるカルシウムの濃縮係数とストロンチウムの濃縮係数の比（Observed Rate = 
OR）はほぼ一定であるので，カルシウムまたはストロンチウムのどちらかの濃縮
Table 2-5.  Composition of the Minor Metallic Elements in
Sea Water (Salt Concentration: 35%) 27） 
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係数の値から一方の濃縮係数の値を推定できるといわれる．日本海産藻類のOR


























Table 2-6.   Ratio of Concentration Factor of Sr for 









Red alga    
 
 
0.31          
3.7           
0.48          
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Fig. 3-1.  Structure of Commelinin 
   




3.1.1  実験方法 
 
1. 実験材料と試薬 














  キャベツ，シソ，ジャンボピ－マンは約 3ｇ，フジマメは 3個を精秤後，常圧
加熱乾燥法により水分量を測定した15,16)．次に電気マッフル炉（ADVANTEC 
KM-280型）に入れ550 ℃で灰化し，灰分量を求めた17, 18)． 




   




























Table 3-1.  Comparison of Moisture Contents in Violet Color 
Vegetable and Green Color Vegetable. 
   Moisture  
      g/100g   
 Cabbage V 93.39  
  G 93.23   
   (R) （1.00）  
  Perilla V 86.22   
  G 87.35   
     (R) (0.99)   
 Hyacinth bean V 91.82  
  G 92.51   
   (R) (0.99)  
  Sweet pepper V 94.60   
  G 94.40   
     (R) (1.00)   
V ; Violet color vegetables, G ; Green color vegetables, R ; V / G 
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Table 3-2.  Comparison of Contents of Ash and Metal Elements in Violet 
Color Vegetable and Green Color Vegetable 
100g on dry matter 
   Ash Ca Mg K  Zn Fe Mn Cu   
     g        mg         
 Cabbage V 11.51 325 183 6324  6.72 9.23 5.69 0.86  
  G 9.13 350 182 4963  4.89 8.57 3.18 0.81  
   (R) （1.26） (0.93) (1.01) (1.27)  (1.37) (1.08) (1.79) (1.06)  
  Perilla V 14.16 813 545 6788  6.21 15.97 18.95 1.36  
  G 12.80 940 545 6731  5.08 3.90 11.14 1.01  
    (R) (1.11) (0.86) (1.00) (1.01)  (1.22) (4.09) (1.70) (1.35)  
 Hyacinth bean V 8.80 445 430 4002  5.06 8.89 4.32 1.06  
  G 8.02 447 462 4125  4.73 6.66 4.18 0.84  
   (R) (1.10) (1.00) (0.93) (0.97)  (1.07) (1.34) (1.03) (1.26)  
 Sweet pepper V 7.60 165.0 359 4633  4.91 9.69 2.89 0.98  
  G 6.31 115.0 287 3997  3.89 8.50 2.28 0.79  
   (R) (1.20) (1.44) (1.25) (1.16)  (1.26) (1.14) (1.27) (1.24)  
V ; Violet color vegetables, G ; Green color vegetables, R ; V / G 
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Fig. 3-2.  Major Metal Elements Composition 
         V; Violet color, G; Green color 
   









Fig. 3-3.  Minor Metal Elements Composition 
         V; Violet color, G; Green color 
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  同一品種のキャベツ，シソ，フジマメ，ジャンボピ－マンにおいて赤紫色野菜
と緑色野菜の灰分量および金属元素量を測定し，比較検討した結果，以下のこと
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Fig.3-4. Structures of Anthocyanin Pigments in Red Perilla and Red 
Cabbage 
   




  実験に用いた赤キャベツおよび赤シソ（ちりめんシソ：Perilla frutescens Britton 























   









生葉の色素溶液 3mlに0.05Mの金属溶液 3 mlを加え，添加直後と１時間後に色


















   




























   




























   




















Fig. 3-5. Absorption Spectra of Mixtures of Metal Ions 







   



















Fig. 3-6. Absorption Spectra of Mixtures of Metal Ions 








   




























   
 - 46 - 
文 献 
 
1) 近藤忠雄, 後藤俊夫, “香料”, 169, 71-88 (1991) 
2) S. Mitsui, K. Hayashi and S. Hattori, Proc. Jpn. Acad. 35, 169 (1959) 
3) K. Takeda, S. Mitsui and K. Hayashi, Bot. Mag. Tokyo, 79, 578 (1966) 
4) K. Takeda, Proc. Jpn. Acad. Ser. B, 53, 257 (1977) 
5) K. Takeda and K. Hayashi, Proc. Jpn. Acad. Ser. B, 53, 1 (1977) 
6) K. Hayashi, Y. Abe and Mitsui, Proc. Jpn. Aca. 34, 373 (1958) 
7) T. Goto, Prog. Chem. Org. Nat. Prod. 52, 158 (1987) 
8) T. Goto, H. Tamura, T. Kawai, T. Hshino, N. Harada, and T. Kondo, Anals New 
York Acad. Sci., 471, 155 (1986) 
9) 中林敏郎, 木村進, 加藤博通, “食品の変色とその化学 ”, 光琳書院, 東京, 
pp.34～63 (1967)． 
10) 大庭理一郎, 五十嵐喜治, 津久井亜紀夫, “アントシアニン-食品の色と健康
－”, 建帛社, 東京, pp.3～7(2000) 
11) Fukumoto, L. R. and Mazza, G., J. Agiric. Food Chem., 48, 3597-3604 (2000) 
12) Furuta, S., Suda, I., Nishiba, Y. and Ymamakawa, O., Food Sci. Technol. Int., 4(1), 
33-35 (1998) 
13) K. Igarashi, S. Abe, and J. Sattoh, Agric. Bio. Chem., 54, 171-175 (1990) 
14) 田中知恵, 飯盛和代, 食生活誌, 12(3 ), 262-265 (2001) 
15) 飯盛和代,仮屋園璋,草野幸子,松岡麻生,松本富子, “改定食品学実験ノ－
ト”, 建帛社, 東京, pp.52～53 (1998) 
16) 荒井綜一(編), “食品学実験 ”, 樹村房, 東京, pp.24～26 (1994) 
17) 飯盛和代,仮屋園璋,草野幸子,松岡麻生,松本富子, “改定食品学実験ノ－
ト”, 建帛社, 東京, pp.81～82 (1998) 
18) 日本食品工業学会  新・食品分析法編集委員会編, “新・食品分析法 ”, 光琳, 
東京, pp.99～105(1996) 
   
 - 47 - 
19) 飯盛和代, 家政誌, 18, 292-295 (1967) 
20) 日本食品工業学会  新・食品分析法編集委員会編, “新・食品分析法 ”, 光琳, 
東京, pp.119～286 (1996) 
21) 食品成分研究調査会(編), “五訂日本食品成分表”, 医歯薬出版, 東京, p.52 
(2001) 
22) 木村修一，左右田健次(編), “微量元素と生体”, 秀潤社, 東京，p. 83-84（1987） 
23) 五十嵐喜治, 食品・食品添加物研究誌, 187, 22 (2000） 
24) Hayashi, K., Ohara, N. and Tsukui, A., Food Sci. Technol., Int., 2, 30(1996) 
25) 岩科司, 食品工業, 37, 68 (1994) 
26) 木村進, 中村敏郎, 加藤博通, “食品の変色の化学”, 光琳, 東京, p.20 (1995) 
27) 大庭理一郎，五十嵐喜治，津久井亜紀夫(編), “アントシアニン－食品の色
と健康－”, 建帛社, 東京, p.80 (1999) 
28) 近藤忠雄, 後藤俊夫, “香料”, 169, 71-88 (1991) 
29) Goto, T. and Kondo, T., Anew. Chem. Int. Ed. Engl., 30, 17-33 (1991) 
 
   
 - 48 - 














Fig.4-1.  Structure of Chlorophyll2) 
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然ガスには空気（2.5kg／cm２）を用いた． 





  各部位ごとに下記の項目に従って実験結果から検討を加えた． 









  Table 4-1. The Weight of Each Portion of Spinach 
Each Portion of Spinach Weight ( g ) Ratio of Weight  
(Each Portion / Total)  
Leaf 45 ± 2.0 (0.47) 
Stem (edible portion) 43 ± 3.0 (0.45) 
Root 11 ± 2.5 (0.11) 
 Stem (not edible portion)     2.6 ± 0.90    (0.03) 
Total 96 ± 11      
Values are mean±S.D. ( n =10)   
   












  Table 4-2.  Moisture Contents in Spinach (Leaves, Stem, and Root) 
Each Portion of Spinach Moisture ( g / 100g ) Ratio of Weight  
Leaf 83.9±0.06 1.00 
Stem 86.6±0.02 1.03 
Root 79.5±0.02 0.95 
Values are mean±S.D. ( n =10)   
Table 4-3.  Ash Contents in Spinach (Leaves, Stem, and Root) 
Each Portion of Spinach Ash ( g / 100g ) Ratio of Weight  
Leaf 2.07±0.01 1.00 
Stem 1.70±0.01 0.82 
Root 1.73±0.01 0.83 
Values are mean±S.D. ( n =10) 
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4. ホウレンソウの部位別金属元素量 


























   




























Fig. 4-2.  Metal Contents in Spinach (Leaf, Stem and Root) 
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 ミネラルの抽出，分析を行ないTable 4-5 に示すような結果を得た． 
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ても健康に深く関与するといわれている1, 2, 5 - 7）． 
 茶葉に含有する金属元素には，カルシウム，マグネシウム，ナトリウム，カリ









ンK作用の阻害があげられる．また，最近血糖降下作用も見いだされた5, 6, 8, 11, 13) ．
従来，微量元素はその弊害についての研究が多かったが，最近では生体における
機能性の研究が進み，微量元素が市場で販売されるようになった． 
   




























   





結果をTable 5-1 , Table 5-2 に示した．Table 5-1 には水分と灰分を，Table 5-2 に
はそれぞれの金属元素について示した．  
 
      Table 5-1.  Contents of Moisture and Ash in Tea Leaves 
 Moisture  Ash  
 
g / 100g 
Green Tea     3.38 5.71 
Oolong Tea     3.34 5.22 
Black Tea     6.93 6.86 
Values are mean±S.D. ( n =10) 
   
 
Table 5-2.  Metal Contents in Tea Leaves 
 Ca Mg Na K Zn Mn 
 
mg / 100g 
Green Tea     25.5 2.61 18.9 2390 3.08 21.8 
Oolong Tea   40.5 1.75 13.2 1910 2.06 26.9 
Black Tea     37.2 2.83 14.1 2680 3.18 22.1 
Values are mean±S.D. ( n =10) 
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1.1 水分量と灰分量 

















Fig. 5-1 に示し，溶出状況を検討した． 






 マグネシウム: 0.5分間では 3種の茶葉とも約3％となり，ほとんど差が見られ
なかった．1分間では緑茶が18.1％，紅茶が8.94％，ウーロン茶が3.43％の溶出率
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第 2 節 
乾燥シイタケおよび乾燥コンブから溶出される金属元素 
 







か報告がある21-23) ．  
















   











 ○ シイタケ（乾燥物） 
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5.2.2 結果および考察 
 















Table 5-3.  Metal Contents in Dried Samples 
 Ca Mg Na K Zn Mn 
 
mg / 100g 
Dried shitake 16.9±0.26 122±2.05 18.7±0.30 2610±3.59 5.02±0.10 2.61±0.07 
Dried Kelp 681±3.62 732±3.71 2110±2.94 6150±6.26 2.51±0.07 0.57±0.02 
Values are mean±S.D. (n=10) 
 
 
   




























   




























   




























   




























   




























   
 - 76 - 



























   











炉（ADVANTEC, KM-280）により550℃で灰化後，灰分量を求めた．  
4. 金属元素の測定方法 















   











  Table 5-5.  Moisture Contents in Dried Samples 
 Contents ( g / 100g )  
Red Cabbage 5.34±0.27  
Purple Sweet Potato 8.74±0.12  
Values are mean±S.D. (n=5)   
  
  
Table 5-6.  Ash Contents in Dried Samples 
 Contents ( g / 100g )  
Red Cabbage 6.09±0.08  
Purple Sweet Potato 3.11±0.04  
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Table 5-7.  Metal Contents in Dried Samples 
 Contents ( mg / 100g ) 
 Red Cabbage Purple Sweet Potato 
   
K 4640  ± 89.1   2040  ± 74.2   
Ca     34.1± 0.92   18.3 ± 0.19   
Mg 149  ± 1.68   84.4 ± 0.38   
Fe 5.11± 0.20   5.04± 0.11   
Cu 0        0        
Zn 1.76± 0.08   0.73± 0.03   
Mn 2.21± 0.08   1.21 ±0.04   
   
Values are mean±S.D. (n=5) 
 
 











   




























Fig. 5-5.  Elution Rate of Metals from Violet Color Vegetables. 
 The elution times were 1 hour (open column) and 24 hours (closed 
column). The rates are shown as percentages of metal contents 
eluted in aqueous solution to metal contents containing in samples: 
(A) red cabbage, (B) purple sweet potato. 
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Fig. 5-6.  Remaining Rate of Metals in 24 hours Eluate from 
Violet Color Vegetables after Dialysis. 
 The metal contents containing in solution eluted from red cabbage 
(open column) and purple sweet potato (closed column) were 
measured before and after dislysis. The rates are shown as 
percentages of metal contents remaining in 24 hours eluate after 
dialysis. 
   




























200           400            600 
λ/nm 
Fig. 5-7.  Absorption Spectra of Violet Color Vegetables in 
24-hours Eluate. 
 The spectra were taken before and after dialysis: (1) before 
dialysis, (2) after dialysis: (A) red cabbage, (B) purple sweet potato. 
   










（Table 5-8 ）． 
 
 
Table5-8. The Chemical Form of Metal in Eluate of Anthocyanin Pigment 
   %   
  Metal   Ionic Form Organic Form
   
Red Cabbage K  98.5   1.5   
 Ca  48    52    
  Mg   72    28    
   
Purple Sweet Potato K  93.8   6.2   
 Ca  9.0   91    
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Table 6-1. Moisture Contents in Vegetables 
  Moisture ( % )  
 Spinach 82  
 Swiss Chard 80  
 Perilla 80  
 Jew’s mallow (Moroheiya) 76  
 Qing gin cai (Tingensai) 93  
 Komatuna 89  
 Indian spinach (Turumurasaki) 94  
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2. 灰分量 




Table 6-2. Ash Contents in Vegetables 
  Ash  ( g/100g on dry matter ) 
 Spinach 12.2  
 Swiss Chard 11.6  
 Perilla 8.25  
 Jew’s mallow (Moroheiya) 11.9  
 Qing gin cai (Tingensai) 16.8  
 Komatuna 13.9  













   







Table 6-3. Ca Contents in Vegetables 
  Ca  ( mg/100g on dry matter ) 
 Spinach  364 
 Swiss Chard  428 
 Perilla 1010 
 Jew’s mallow (Moroheiya) 1140 
 Qing gin cai (Tingensai) 1720 
 Komatuna 1820 












   




























   










































   



























Fig. 6-2.  Micrographs of Calcium Oxalate Crystals in Leaves of Spinach 
The Condition before HCl addition to Leaf tissue of Spinach 
(Crystals were present in the tissue.) 
The Condition immediately after HCl addition to Leaf tissue of Spinach
(Crystals in the tissue were dissolved with HCl, and decreased.) 
The Condition after HCl addition to Leaf tissue of Spinach 
(Crystals in the tissue had been dissolved with HCl completely.) 
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Fig. 6-3.  Micrographs of Calcium Oxalate Crystals in Swiss Chard on 
Growth Process.   
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3.  アルミカップ灰化法による灰化試料の調製法18) 
 二重にしたアルミ箔(12.5cm×12.5cm)で作製したアルミ箔カップを電気マッフ
   
























47mm,厚さ 0.8 mm)を使って濾過し，原子吸光度を3回ずつ測定した． 
 以上の方法をFig. 6-5 示した． 
 
 
   






























① 80% EtOH 37.5ml 
stirring for 18hr at 30℃ 
 
 
Filtrate Residue     Residue 
                             ① 80% EtOH 37.5ml 
 
stirring for 2hr at 30℃ 
 
 
Filtrate            Residue 
 
 













Atomic Absorption Analysis 
repeated the same procedure 
with next solvents 
② distilled water 200ml 
③ 1M NaCl 
④ 2% Acetic acid 
⑤ 0.6M HCl 
Fig. 6-5. The Fraction Method and Atomic Absorption Analysis of 
Calcium from Onion Rinds. 
   



















Fig. 6-6.  Chemical Forms of Calcium in Onion Rinds. 
Onion rinds (1g) were extracted with 5 extractants (80% 
ethanol, distilled water, 1M NaCl, 2% CH3COOH and 0.6M 
HCl) in turn. Calcium of each extracts was analyzed by atomic 
absorption spectrophotometry. 
80%EtOH      Water      1M NaCl   2%CH3COOH    0.6M HCl       
   




























Table 6-4.  Fractionation of Calcium and Estimated Chemical Forms of 
Calcium in Plants* 
Extractants Estimmated chemical forms of calcium in plant* 
1 80%Etanol 
2 Water 
3 1M NaCl 
4 2%Acetic acid 
5 0.6M HCl 
Residue 
 
inorganic salts (nitrate, chrolide), etc. 
soluble organic salts, monocalcium phosphate, etc. 
pectinate, protein binding form, calcium carbonate, etc. 
bicalcium phosphate, tricalcium phosphate, etc. 
oxalate, etc. 
insoluble forms 
* Y. Ohta, K. Yamamoto and M. Deguchi, Nippon Dojo Hiryo Gakkaishi, 41, 20 (1970) 
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実験では 9月 5日に播種を行ない，20日後に1回目の試料を採取した． さらに12
   




















  灰分は550℃に設定した電気マッフル炉において灰化して求めた． 




チレン（0.5kg / cm2）を助然ガスには空気（2.5kg / cm2）を用いた．  
 
 
   





7-1，Table 7-2，Table 7-3 に示した． 
Table 7-1 には水分，Table 7-2 には灰分，Table 7-3 にはそれぞれの金属について
示した． また，これらの結果から採取時期順に各試料の値をA（9月），B(12月)，
C（3月）とし，それぞれの採取時期におけるフダンソウの水分，灰分，金属量の



















Table 7-1   Moisture Contents in Swiss Chard 
   Contents  (g/100g) 
          September       December        March  
Moisture  90.37± 0.06 87.01± 0.01 82.33± 0.02 
Values are mean ± S.D. ( n=10 ) 
Table 7-2   Ash Contents in Swiss Chard 
   Contents  (g/100g on dry matter) 
          September       December        March  
Ash  19.5± 0.22 21.4± 0.04 14.9± 0.04 
Values are mean ± S.D. ( n=10 ) 
   
















Table 7-3.   Metal Contents in Swiss Chard 
   Contents  (mg/100g on dry matter) 
















































































Values are mean ± S.D. ( n=10 ) 
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1.1. フダンソウ葉中の水分量と灰分量 
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実験に供した． 


























   

















   Table 7-5.  Weight of Each Portion of Spinach and Ratio of Weight 
November Term January Term  March Term 
Each Portion  
g  (R) g   (R)  g   (R) 
Leaf 
 45± 2.0 ( 0.47 ) 45± 2.2 ( 0.47 ) 44± 3.0 ( 0.44 )
Stem  
(edible portion) 43± 3.a0 ( 0.45 ) 43± 3.5 ( 0.45 ) 45± 3.6 ( 0.45 )
Root 
 11± 2.5 ( 0.11 ) 11± 3.2 ( 0.11 ) 15± 3.8 ( 0.15 )
Stem 
 (not edible portion) 2.6± 0.90 ( 0.03 ) 2.5± 0.95 ( 0.03 ) 2.6± 0.98 ( 0.03 )
Total 96± 11       96± 13      100± 15       
 Values are mean±S.D. (n=10),  R; weight of each portion / total weight 
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     Table 7-6.  Moisture Contents and Ratios  





































      Values are mean±S.D. (n=10) 
 
 
     Table 7-7.  Ash Contents and Ratios  





































      Values are mean±S.D. (n=10) 
   
















 (2) カルシウム 








 (3) マグネシウム 
 何れの栽培時期の試料中にも茎や根中に比べ葉に多く含有した．葉の含有量に
対する各部位の含有率は茎が0.42～0.59であり，根の含有率は0.81～0.97の値を示
   



























は葉よりは少ないが茎より多かった．   
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   Table 7-8.  Metal Contents in Spinach (Leaf, Stem, and Root) 
  Leaf Stem Root 







































































































   Values are mean±S.D. (n=10) 
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  Table 7-9.  Ratios of Metal Contents in Spinach (Leaf, Stem, and Root) 
  Leaf Stem Root 
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